Essential oil composition of the aerial parts of Agrimonia pilosa Ledeb growing wild in the central Himalayan region of Uttarakhand, India was analyzed by capillary gas chromatography (GC-FID) and gas chromatography-mass spectrometry (GC-MS). A total of 15 constituents were identified, representing 95.29% of the oil composition. The oil consisted mainly of oxygenated monoterpenes (75.74%) followed by monoterpene hydrocarbons (18.68%). Major constituents identified were methyl myrtenate (71.39%), limonene (11.86 %), α-thujone (5.66%) and myrtenyl acetate (3.14%). The essential oil showed a broad spectrum of antibacterial activity against both the human and plant pathogenic bacteria. Oil showed the highest activity against human pathogenic bacteria K. pneumonia (7.33 mm, MIC 175 µL/mL) and P. aeruginosa (7.00 mm, MIC 175 µL/mL). Plant pathogenic bacteria R. solanacearum (6.70 mm, MIC 175 µL/mL) was found less resistant against the oil. The results showed that oil containing methyl myrtenate a major constituent has potential for treatment of infections caused by these pathogenic bacterial strains.
Introduction
The genus Agrimonia, family Rosaceae having pinnate leaves and yellow flowers followed by bristly fruits is found chiefly in north temperate regions. The species of Agrimonia belonging to the Rosaceae, are listed in the oriental medicine as an astringent hemostatic to treat bleeding, curing disorders related to the liver and bile, gastrointestinal and respiratory tract in traditional Austrian medicine 1 . Many pharmacological studies have reported that Agrimonia pilosa Ledeb showed broad biological properties, such as antioxidant activity, anti-viral effect and acetylcholinesterase inhibitory effect [2] [3] [4] . A. pilosa contains abundant flavonoids viz. catechin, hyperoside, quercitrin, quercetin and rutin. These compounds are demonstrated to be the major bioactive constituents having anti-inflammatory, anti-tumor, anti-virus, anti-bacteria and anti-oxidation functions 5 . Over the last two decades several RESEARCH ARTICLE research groups have reported the isolation of various biologically active compounds from this plant [6] [7] [8] [9] . The major components in the essential oil of A. Aitchisonii were reported to be methyl myrtenate, limonene, linalool, myrtenyl acetate , linalyl acetate and zingiberene 10, 11 . Essential oil from wild growing leaf and flower oil of Agrimonia eupatoria has been reported to possess β-caryophyllene, caryophyllene oxide, α-humulene and E-β-farnesene 12 
.
A.pilosa collected from three different locations of China contained hexadecanoic acid (11.83-27 .34%) as the main compound 13 .
To the best of our knowledge, there is no report on the essential oil composition and antibacterial activity of A. Pilosa from Uttrakhand, India. Therefore, this study was aimed to determine the antibacterial activity of A. Pilosa essential oil.
Experimental
The plant material was collected in the month of September (flowering stage) from Binsor forest (Almora District), Uttarakhand, India, at an altitude of 2700 meters. A voucher (specimen No. 116125) has been deposited at the Botanical Survey of India (BSI), Dehradun, India and Phytochemistry laboratory, Department of Chemistry, Almora, Kumaun University.
Chemicals and reagents
All chemicals and reagents used were of analytical grade. Mueller-Hinton broth (MHB) and Mueller-Hinton agar (MHA) were obtained from Hi-Media, India.
Extraction of the essential oil
Fresh aerial parts (~4 kg) were subjected to steam distillation. The distillate obtained after steam distillation of fresh plant material was treated with n-hexane for the extraction of organic constituents. The distillate was further shaken with dichloromethane to ensure complete extraction of constituents. The n-hexane and dichloromethane extracts were combined and dried over anhydrous Na 2 SO 4 . Solvent was distilled off in a rotary vacuum evaporator (Perfit-RV 1240, Buchi type) to get residual oil which was stored at ~4 ºC.
GC-FID analysis
A gas chromatographic analysis of essential oil was performed on a Shimadzu GC-2010 Ulta gas chromatograph equipped with flame ionization detector and a Rtx-5MS fused silica capillary column (25 m × 0.25 mm, 0.25 µm film thickness). The injector and detector temperature were maintained at 260 and 270 ºC, respectively. Helium at a flow rate of 1.21 mL/min and 69.0 kPa inlet pressure was employed as the carrier gas. The oven temperature was programmed at 50 o C (first 2 min), then increased at the rate: 3 o C/min to 280 o C, after which it was maintained at 280 o C for 18 minutes. The sample (1.0 µL) was injected with 10:1 spilt ratio.
GC-MS analysis
GC-MS was carried out on Shimadzu GC-MS-QP2010 Ultra using identical oven temperature programming with following conditions: Rtx-5MS capillary column (25 m × 0.25 mm, film thickness 0.25 µm); carrier gas: He (flow rate was 1.21 mL/min), injection in Split mode (10:1); injector temperature: 260 o C. The MS was used in the electron impact (EI) conditions (70 eV), ion 230 o C, mass scan mode: 2.41 scan/second, mass range: 40-650 m/z; a 5% solution of oil in hexane (1.0 µL) was injected.
The identification of individual compound was carried out by the calculation of Retention Indices (RI) using homologous C 8 -C 34 (Supplier-Restek's ISO 9001:2008) nalkane series and a comparison with available mass spectral data (NIST 11, Wiley 8 and FFNSC 2) and confirmed by comparison of their retention indices with those of reported in the literature 14 . For quantification purposes, relative area percentages obtained by FID were used without the use of correction factors.
Antimicrobial screening of essential oils

Pathogenic bacterial strains
The in vitro antibacterial activity was evaluated against five human pathogenic bacterial strains Bacillus subtilis ( 
Antimicrobial activity by disc-diffusion method
Evaluation of antimicrobial activity of essential oil samples was done by disc-diffusion method described by Clinical and Laboratory Standards Institute 15 . The samples were dissolved in dimethyl sulphoxide (DMSO) to prepare desired concentrations. Inoculums of the microbial strains (1×10 6 CFU/mL) were plated using sterile swabs into petri dishes (90 mm) with 20 mL of Nutrient Agar, and then discs of Whatman paper-42 were soaked in sample solution (15 µ L/mL) and placed onto inoculated petri dishes. Standard antibiotic streptomycin (15 mg/mL) was used as a positive control and DMSO as negative control. The petri dishes were pre-incubated for 3 h at room temperature, allowing the complete diffusion of the samples and then, incubated at 37±1 ºC for 24 h 16 . Finally the zones of inhibition were measured.
Antimicrobial activity by broth dilution method
The evaluation of MICs was done using the agar dilution method with slight modifications described by the National Committee for Clinical Laboratory Standards 17 . Equal volumes of each microbial strain culture, containing approximately 1×10 6 CFU/ml, were applied onto MHB supplemented with the essential oil at concentration ranging from 25-250 µ l/ml in tubes. These cultures were then incubated at 37 ºC for 24 hrs and then the cultures were finally inoculated on nutrient agar media to determine the growth of bacteria. Controls of bacteria without the oil were also applied. The concentration at which no visible growth was observed is considered as MICs.
Statistical analysis
Mean value ± SD was determined by using XLSTAT 14 statistical computer software package.
Results and Discussion
The essential oil (yield 0.1%; v/w) obtained from aerial parts of A. pilosa was analyzed by using GC-FID and GC-MS. A total of 15 constituents, representing 95.29% of the total oil have been identified. The retention index of volatile compounds (RI a and RI b ) and their percentage are summarized in Table 1 . Essential oil showed the dominant presence of oxygenated monoterpenes (75.74%) followed by monoterpene hydrocarbons (18.68%). The sesquiterpene hydrocarbons accounted only for 0.87%. The essential oil has been characterized by a high amount of methyl myrtenate (71.39%). The other major components are limonene (11.86%), α-thujone (5.66%) and myrtenyl acetate (3.14%). Previous report of A. Pilosa collected from different regions of China was characterised by the presence of hexadecanoic acid (11.83-27.34%) as main constituent 13 while in present study, oil was rich in methyl myrtenate (71.39%) with absence of hexadecanoic acid. Chemical variation of essential oil may be attributed due to influences of environmental, genetic and ecological factors such as light and temperature [18] [19] [20] [21] [22] [23] [24] . Table 2 showed that oil exhibited different antibacterial activity against both the tested bacterial strains. The oil showed the maximum activity against human bacterial strain K. pneumonia (7.33 mm, MIC 175 µL/mL) followed by P. aeruginosa (7.00 mm, MIC 175 µL/mL) and S. typhimurium (6.66 mm, MIC 200 µL/mL) while Modest activity was observed against E. coli (5.00 mm, MIC 200 µL/mL). The order of resistivity of human pathogenic bacteria against oil was found E. coli> B. subtilis> S. typhimurium> P. aeruginosa> K. pneumonia. The oil demonstrated significant activity against plant pathogenic bacteria. The result showed highest antibacterial activity against R. solanacearum (6.75 mm, MIC 175 µL/mL). The A. pilosa was found to be less active to the control of X. phaseoli (5.50 mm) and X. oryzae (5.00 mm) at 250 µL/mL MIC value. The order of resistivity of plant pathogenic bacteria against oil was found X. oryzae> X. phaseoli> X. campestris> A. tumefaciens> E. crysanthemi > R. solanacearum. Based on the zone of inhibition and minimum inhibitory concentrations (MIC) values K. pneumonia and R. solanacearum were the most sensitive strains tested to the oil. While E. coli and X. oryzae were the most resistant towards the oil. As compared to the standard antibiotic (streptomycin) oil showed significant activity against all the tested bacteria. The activity of the oil may be due to the presence of higher percentage of methyl myrtenate a oxygenated monoterpene and the synergetic effect of other major and minor compounds present in the oil. 
Conclusion
The essential oil composition and antibacterial activity of A. pilosa is being reported for the first time from Uttarakhand Himalayan region. The essential oil of aerial parts of A. pilosa containing methyl myrtenate as major constituents showed significant antibacterial activity against both the human and plant pathogenic bacteria. All the bacterial strains showed the sensitivity towards the essential oil, thus indicated the importance of this plant as natural agents for the treatment of infectious diseases caused by respective bacteria.
